Results of a 1961-1974 grazing system study on the Texas Experimental Ranch in the Rolling Plains were used to evaluate annual net income stability characteristics for a cow-calf operation. A linear programming risk analysis model was utilized to select optimal combinations of grazing systems which minimized annual negative net income fluctuations. Greatest annual net incomes, expressed in 1979 dollars, were obtained from heavier stocked, continuously grazed systems which received winter feed. For the 1961-1974 period, annual net income stability was not increased by selecting combination of grazing systems. However, when only the last 5 years were included in the analysis, the stability of annual net income was improved by selecting a combination of grazing systems. Supplemental winter feeding did not have a significant effect on annual net incomes. However, under heavier stocking rates the standard deviation of annual net income was approximately doubled when cows did not receive supplemental winter feed. Annual income and income variability was determined to have increased during the last 5 years of the study, relative to the total study period. It is hypothesized that a portion of this increased variability at the heavier rates of stocking is the result of changes in the composition of vegetation. The general increase in variability across all systems indicates that ranch operators may need to consider alternatives for risk management as well as management for profits.
Ranch operators have long strived to become more efficient in the management of their ranch resources. This effort has been made in order to increase economic returns and reduce economic risks associated with ranching. Risks in the ranching industry are as a result of the nature of livestock market, weather, diseases, prices paid for inputs, the use of credit, and government regulation. In the Rolling Plains of Texas, and in the Great Plains in general, the need to reduce adverse economic impacts of fluctuating forage supplies has resulted in considerable research efforts by public institutions and agencies. A major goal of range research is to identify alternatives to more efficient harvest forage from rangeland and to increase forage quantity and quality for use by domestic livestock. The major purpose of this study was to evaluate net returns and the annual stability of these net returns from five grazing management systems in the Rolling Plains of Texas from 1961 to 1974 (Fig. 1) .
In developing a ranch management plan, it is assumed that net income levels and net income stability (risk) associated with various production strategies for increasing net income are of concern to ranch operators (Markowitz 1959) . Agricultural firm managers typically resort to minimizing or reducing risk by diversification, maintaining flexibility in their operations, and holding reserves of credit or cash (Hopkin et al. 1973) . Traditionally, economic stability has not been included in economic analysis of grazing systems. Economic emphasis has been placed on the identification of net income potential of alternative grazing systems (Kothmann et al. 1971 , Merrill et al. 1975 , Reardon and Whitson 1980 . While this approach is not incorrect, it inherently implies that the ranch operator is primarily concerned with a single objective, maximization of profits. Kothmann et al. (1970) determined that average return to management and capital to be I .39 times greater per hectare for heavily stocked, year-long continuous grazing than from a four-pasture, deferred-rotation system at the Texas Experimental Ranch in the Rolling Plains of Texas. For moderate stocking rates, the fourpasture system produced 1.26 times greater average net returns per hectare than a continuous, yearlong grazing system. Since average annual rainfall was generally above the long-term average during the 8 years of the study, the authors hypothesized that stocking rates were generally insufficient to be representative of the intended grazing treatments.
Further, it could be expected that in "typical" rainfall periods the economic advantage of the heavier stocking rates would be lost. Variability of annual income was not included in the economic analysis (Kothmann et al. 1970 ). Whitson (1975) evaluated alternative grazing management systems in combination with other livestock production/ marketing (Merrill 1954) produced the most stable net income. However, continuous, yearlong grazing at a heavier rate of stocking produced the greatest average annual income, especially when weaned calves were retained for further weight gain. The study indicated ranch operators could be "optimally" organized and not have the same ranch plan, depending upon risk-return preferences.
ing, repairs, gas, oil lubricants, and interest on annual operating capital were estimated from annual livestock budgets and available statistical series (USDA 1978 , USDA 1980 , Texas Agricultural Extension Service 1980 . These budgets were adjusted for actual costs and input quantities when data were available. Annual variable costs, not available from historical records were adjusted to a specific year by utilizing the index, "Prices paid by farmers" (USDA 1975 , USDA 1979 .
Economic analysis of grazing systems in the Edwards Plateau region of Texas indicated that for similar rates of stocking, twoand four-pasture rotation systems produced highest average net returns as well as the most stable returns over a 7-year study period. Stability of these systems was attributed to availability of a forage reserve, greater plant vigor, and multiple use of forage by sheep and cattle (Huss and Allen 1969) .
Annual fixed costs associated with each grazing system included an opportunity cost on the annual capital invested (annual salvage value) in the breeding herd, in facilities and equipment, and annual depreciation. All cows and equipment were assumed to be debt free. The opportunity cost of capital which varied as a result of economic conditions was estimated to be 2% less than the cost of borrowed capital from an agricultural lending institutions (USDA 1980) . Annual net returns to land and management were calculated by subtracting variable and specified fixed costs from gross livestock sales. In order to eliminate the impact of inflation over time, the annual net returns were converted to 1979 dollars using a wholesale price index (US Dep. Commerce 1979) .
Preliminary economic studies of grazing systems in the Rio Grande Plains of Texas indicate that a short duration system (one herd, six pastures) produced the largest average net income/ hectare when contrasted to yearlong continuous or a four-pasture, deferred-rotation system (Reardon and Whitson 1980) . The fourpasture system was economically superior to the yearlong system, but the analysis did not include stability characteristics.
The number of producing cow units associated with each grazing system was adjusted to account for replacement animals, horses, and bulls when they were not with the herd.1 For the study, it was estimated that one mature cow plus requirements for replacement females, bulls, and horses, amounted to 15.6 AU M/year.
Procedures
Annual costs and returns were budgeted for five alternative grazing systems which were evaluated on the Texas Experimental Ranch near Throckmorton, Texas, for the period 1961 through 1974. A sixth treatment, a four-pasture deferred-rotation system without supplemental feed was initiated in 1970. The grazing systems included moderate (MC) and heavy yearlong continuous (HC) grazing (with (S) and without supplemental winter feeding) and a moderately stocked four-pasture deferred-rotation system with supplemental winter feeding (M4PS). A moderately stocked four-pasture system without winter feeding was initiated in 1970 (M4P). A cow-calf operation was used for all systems with weaned calves being sold in the fall. Percent calf crop, weaning weights and annual stocking rates were those encountered during the study as reported by Heitschmidt et al. (1980) . Minor adjustments in stocking rates within any given year were considered in this analysis by assessing a feed cost (hay) for cows which were removed for relatively short time periods (6 months or less) from any given treatment. Annual net returns to land and management were estimated for 1961 through 1974.
For a given average net income level, minimum income variability was determined by use of a linear programming (LP), riskreturn model described by Hazel1 ( 197 1). The model was specified to minimized total negative deviations (MOTAD) from average net income associated with each grazing system. positive deviations in income were assumed to cause fewer economic problems than negative deviations for ranch operators in the Rolling Plains. The use of the MOTAD model further implied the negative deviations of annual net income represented a reasonable estimate of risk; i.e., stability of income.
The principal advantage of the use of a risk-return model was that given the results of the analysis, the opportunity existed to incorporate variability of income as well as the magnitude of net income associated with a given strategy (Whitson 1975) .
Results and Discussion
Economic responses-1961-1974 Gross livestock sales (%/ha) included the influence of the livestock price cycle as well as beef cattle production associated with five alternative grazing systems in the Rolling Plains (Heitschmidt et al. 1980) . Actual annual gross sales, production costs, and net returns/ ha are illustrated-for each grazing system in Figures 2, 3, and 4, respectively.
Except for 1974, actual gross sales/ ha increased at a relatively Annual market prices for each year of the study (USDA 1974) , were utilized to determine the value of cull cows, weaned heifers, weaned steers, and culled replacement heifers produced from each grazing system. Annual variable costs, for winter supplemental feed, medicine, salt and minerals, transportation, labor, market-'Replacement females were not actually maintained on the Experimental Ranch, but were available as required from off station sources. Thus, in order to more nearly WprOXimate "typical" ranching operations replacement breeding stock, horses, and the portion of the year that bulls were not included with the herd were included in the ranch inventory to reflect total forage requirements associated with each grazing systems.
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35 (4) consistent rate across all systems from year to year other than the heavily stocked, continuously grazed system, which received no supplemental winter feed (Fig. 2 ). Actual total production costs/ ha were also relatively consistent from year to year with costs generally increasing over time for all systems. The major exception to this finding was the HC system, which began to experience greater annual fluctuations in 1968 when compared to other systems ( Fig.  3 ). Actual net returns/ha tended to increase over time but with relatively larger annual fluctuations than were observed with gross sales and costs (Fig. 4) . Year to year variability became more apparent when net returns were expressed in 1979 dollars, eliminating the impact of inflation (Fig 5) . However, considerable net income variability was present in all grazing systems evaluated in this study. The variability in annual net income ranking among systems, was primarily the result of annual variability in livestock performance since livestock sales prices were relatively constant across systems for any given year (Fig. 5) .
There was considerably more economic instability for the period 1970 through 1974 when net income was expressed in 1979 dollars. For example, annual net returns from the HC system ranged from approximately $7.00/ha to $58.00/ha from 1970 through 1974. For the period 1961 through 1969, the HC system ranged from $18.00/ha to $36.00/ha (Fig. 5) .
Relative positions among the grazing systems varied from year to year relative to average annual gross sales, costs and net returns for actual and 1979 dollars ( produced significantly greater w.05) average net income than moderately stocked systems. The four-pasture system was intermediate to the continuously grazed, heavy and moderately stocked systems but was not statistically different when compared to the moderate systems (Table 1) .
Supplemental winter feed reduced profits when moderate stocking rates were compared. Supplemental feed increased net returns 4.8% (1979 dollars) when heavier stocking rates were compared. Thus, supplemental winter feed increased in value as available forage was reduced/animal unit at the heavier rate of stocking (Table 1) .
The greatest average net return/ ha (1979 dollars) was $28.53/ha. This return was produced by the heavier stocked continuously grazed herd which received supplemental feed during each winter (HCS). The HCS grazing system produced 49% more net return than the continuously grazed moderately stocked herd which received supplemental winter feed (MCS), and 27% more than the moderately stocked, four-pasture system receiving supplemental feed (M4PS). The M4PS produced 17% greater annual, net returns/ ha (1979 dollars) than a similar yearlong system (Table 1) . When the M4PS and the MCS systems were compared, the M4PS produced greater net income in all years ( Figure 5 ).
The HC system produced greater annual net returns than the MC systems. Thus, the economic advantage of heavy stocking was reduced if supplemental winter feed was not provided (Table 1) .
The heavier stocked systems also required 45% to 50% more annual production costs than moderately stocked systems (Table  1 ). This could indicate the need for ranch operators to increase their use of risk management alternatives because, traditionally, ranch operators have depended upon unused credit capacity to survive economically during adverse economic conditions.
Economic Responses-1970-1974
In an effort to determine whether economic advantages associated with heavier stocking rates were being maintained over time, results of the last five years of the 14-year period were evaluated. Generally, the heavier stocking rates continued to produce the greatest net returns/ ha; however, differences became relatively smaller (Table 2 ). For example, during the 1961 through 1974 period, the HCS grazing system produced 27% more net returns (1979 dollars)/ ha than the M4PS system. For the period, 1970 through 1974, this relative economic advantage had shifted from 27% to an I 1% advantage over the HCS system (Table 2) .
Supplemental
winter feeding was marginally profitable for all systems during the last 5 years of the study (Table 2) . Average gross sales were approximately the same for continuously grazed, heavily stocked systems. Gross sales were also very similar for continuously grazed, moderately stocked systems (Table 2) .
No statistical differences between average annual net incomes were identified (p1.05) between systems during 1970-1974; whereas, the heavier stocked systems were significantly higher than all other systems for the period from 1961-1974. Thus, differences between systems were statistically more difficult to identify (fewer observations and greater variability during the period are possible explanations).
The fact that there were fewer significant differences between systems is supported by noting that the HCS system produced 11% more net income than the M4PS during 1970-1974 but 27% during 1961-1974 . Further, the HC system produced 32% more net income than the MC system in 1970-I 974 and 37% more income during [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] 
Income Stability-1961-1974
When all five grazing systems were included in the risk-return analysis, the NCS grazing system was optimal. There was not a net income stability advantage from combining grazing systems (Table  3) . Given the annual variability associated with the HCS system, expected average income would not be lower than $25.34/ha at the Q&.05) level (Table 3) .
None of the moderately stocked systems contributed to net income stability over the lbyear period when all grazing systems were included in the model. This indicates little, if any negative covariance relationship(s) existed between heavier and moderately stocked systems during 1961-1974. There was no net income stability advantage in combining systems, When the heavier stocking rates were eliminated from the model, net income fluctuations were minimized with a combination of moderate, continuous without supplemental feed (MC) and the M4PS. At lower annual net income levels($21.00/ha) the ratio of the two systems was approximately 1: 1 for minimizing risk. As income levels were increased, the MC system was replaced by a M4PS (Table 3) . However, an individual would bejustified, from a net income stability standpoint, to utilize only the M4PS, Ranch plan 4, because expected annual net income as well as the lower limit of annual net income increased for all three confidence levels when shifting from Ranch plan 1 to 4 (Table 3) . The impact that supplemental winter feed had upon the optimal solution(s) is more identified in Table 4 . As discussed earlier, supplemental feeding was marginally profitable for heavier stocking rates, but was not profitable for moderate rates. However, for heavier stocking rates, the standard deviation of annual net income was nearly doubled when supplemental feed was eliminated. Thus, for a 95% confidence level, average net income could be $3.87/ha lower because of the increased variability.
This indicates that producers who stock heavy would potentially benefit from using supplemental winter feed even if profits were not increased significantly. There were no apparent net income stability benefits of using supplemental feed when moderate stocking rates were utilized (Table 4) .
Income Stability, 1970-1974
In order to test whether the relationships identified over the 14 year period remained relatively constant, a similar analysis was conducted over the last 5 years of the study. When all grazing systems were available, it was determined the HCS was not in the optimal solution as determined in the previous analysis (Table 5) . Apparently, negative covariance relationships were present between MCS, MC, and HC systems at lower annual net income levels (less than %25.OO/ha) and between HCS and M4PS systems at greater than $27.OO/ha (Table 5) .
Expected net incomes ranged from $23.95/ha, Ranch plan 1 to $30.85/ha, Ranch plan 6. However, the standard deviation of net income ranged from $9.281 ha to $lS.SS/ha.
Ranch plan 1 was composed primarily of a MC (53% of the ranch) and a MCS (45% of the ranch) system. Ranch plan 6 was composed entirely of the HCS system (Table 5) .
Using an 80% level of confidence a producer would be economitally justified in the selection of Ranch plan 6. However, when 90% or 95% confidence levels were utilized, a ranch operator would be justified in selecting up to Ranch plan 4. Beyond Ranch plan 4, an operator would have to decide whether or not the lower net income potential associated with Ranch plan 5 or 6 would be acceptable, given each plan's expected net income (Table 5 ). An interesting finding was that when compared to the 16year period, heavier stocking rates had become less stable and/or the moderate stocking rates had become relatively more stable, indicating the importance of long term grazing studies in the evaluation of net income stability characteristics.
When heavier stocking rates were eliminated from theanalysis it was determined that a combination of MC and MCS systems resulted in the most stable net income estimates for lower net income levels and at higher net income levels the MCS was replaced by the M4PS system (Table 6 ). However, a producer would be economically justified in selecting the M4PS system over all other moderate grazing systems evaluated, Ranch plan 4 (Table  6 ).
Supplemental winter feed had a positive impact on the optimal Ranch plans presented in Tables 5 and 6 . In order to more fully evaluate the economic impacts of winter feed during 1970-3974, relevant comparisons are illustrated in Table 7 . As in the previous 14 years of the study, supplemental feed had little, ifany impact on average net income. However, when heavier stocking rates were used, standard deviation in net income increased from $15.55/ha to $28.95/ha, indicating that the economic value of supplemental feed was annual net income stabilization (Table 7) . This stabilizing effect was less for moderate continuous systems but was more pronounced in the four-pasture systems. The significance that supplemental feed had upon the lower net income boundary, using a 95% confidence interval, could mean that expected net gross 'Grazing systems are defined as follows: H=heavy, M=moderate, Gcontinuous, 4P=four pasture and S=supplemental winter feed. 2This estimate is based on a mean absolute deviation. 3Percentage of a given ranch in a given grazing system or systems.
16.87
16.02 Table 6 . Annual net income stability characteristics (S/ ha) associated with moderately stocked grazing systems, 1970-1974 (1979 dollars) incomes could be as low as $2.8 l/ ha for a HC system compared to $16.02/ha for a HCS system. It was determined that supplement feed was also important when four-pasture systems were utilized (Table 7) .
To summarize the risk analysis for 197 1-1974, it was evident that considerably more net income variability was present in all systems when compared to [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] . This resulted primarily because of the greater variability in livestock prices and production costs. Other important findings were that: (1) the HCS system did not maintain its annual net income stability advantage; (2) the M4PS had increased in relative economic potential; and (3) the use of winter supplemental feed had become important for increasing annual net income stability, especially for heavier stocking rates. Each of these findings may in part be related to the long-term effects of heavy continuous grazing on forage reserves and forage production.
In most grasslands as grazing intensity increases over long periods of time, the more productive tall and midgrasses are replaced by less productive shortgrasses. Kothmann et al. (1978) reported this general trend at the Texas Experimental Ranch where the two dominant midgrasses, Texas wintergrass (Stipa leucotricha) and sideoats grama (Bouteloua curtipendula), have decreased in frequency in the HC pastures while buffalograss (Buchloe dactyloides) and common curlymesquite (Hilaria belangeri), both shortgrasses, have increased. However, this change was gradual and thus the effect was not particularly evident during the first 8 years of the study. In fact, this change was probably even slower during the first 8 years of the study than would be expected because of the many years of above average annual rainfall.
Rates of stocking were also greater from 1970 through 1974 than previous years (Heitschmidt et al. 1980) and total annual rainfall more erratic (Kothmann et al. 1978) . Thus, with the reduced forage production resulting from less productive species, greater rates of stocking and more variable rainfall patterns, the HC systems began to display less economic advantages than previously, particularly when winter supplement was not fed. It follows then, that occasional "busts" may become more frequent in the HC systems in future years than through the end of the current study.
This hypothesis was tested in 1975, although unfortunately no livestock production records were maintained because of required herd changeovers in all systems (Heitschmidt et al. 1980) . But because of a rather severe summer and fall drought in 1975,62% reduction in the size of the HC herd was required for a 6-month period from October through March. Similarly, the HCS herd was reduced 30% while no reductions were required in any of the moderately stocked systems. No reductions in rate of stocking have been required in any system since 1975.
These required reductions in rates of stocking in 1975 simply emphasize that under heavy rates of stocking occasional "busts" will occur and these will likely occur more frequently at heavy rates of stocking than at moderate rates of stocking. It is doubtful that the total absence of "bust years" from 1961 through 1974 is typical of what a ranchman might expect in this region during the next ! 5 years.
Conclusions
Analysis of data from the Texas Experimental
Ranch in the Rolling Plains indicate that for the period 1961-1974, continuous, year-long grazing at heavier stocking rates, using supplemental winter feed, produced 27Yc more net income/ha than the "next best" alternative, a moderately stocked, four-pasture system. During the last 5 years of the study, the heavier, continuous system, using supplemental winter feed, produced 11% greater net income-/ ha than the "next best"alternative, the moderately stocked, fourpasture system using supplemental feed. This finding indicated that the moderately stocked, four-pasture system was becoming relatively more important as a producer of net income over time.
The use of supplemental winter feed was more profitable when heavier stocking rates were used. However, at best, it was determined to be marginally profitable. The real value of supplemental winter feed was as an annual net income stabilizer, especially so, when stocking rates were higher. At heavier rates, the standard deviation of net income was approximately doubled when supplemental feed was not provided.
For the period 1961-1974, annual net income stability was maximized by using supplemental winter feed with a heavier stocked, continuous, year-long grazing system. No other combinations of the five grazing systems provided any additional annual net income stability value. When the heavier stocking rates were eliminated from the analysis, there was a net income stability effect by combining a four-pasture system, with supplemental feed with a continuous, yearlong system,without winter feed. When the period 1970-1974 was evaluated, the heavier stocked, continuous system with supplemental feed was determined to have lost its net income stabilizing potential. The heavier stocked system was replaced, at less than maximum income levels, by moderate stocking, continuous, and four-pasture combinations. This indicated that the moderate, four-pasture system was apparently becoming relatively more important as a net income stabilizer the longer the grazing systems were evaluated. This finding is supported by Kothmann, et al. (1978) . who reported significant decreases in the climax vegetation over time as a result of heavier grazing on the Texas Experimental Ranch. Ranch operators in the Rolling Plains may need to adopt more risk management techniques to counter the increasing economic instability of recent times caused by varying livestock prices, as well as relatively rapid increases in production costs. Further study will be required to evaluate risk management and alternative net income producing strategies. For example, the maintenance of weaned animals in a vertical integration program, adoption of alternative credit management options or adoption of other marketing alternatives, such as the futures market or forward contract, may be possible alternatives. It is evident that optimal ranch organizations may vary. Variability may be explained by observing differences in risk-return situations and individual preferences. Risk analysis may have considerable potential as part of a "traditional" profit maximizing economic analysis, provided adequate data exists.
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